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Abstract. In this research work the main objective was study the use of kn type factorial programs for 
modelling and optimization of the milk coagulation process for obtaining of fresh cheese. In this context
 
had 
studied the coagulation process using an experimental program type 33, the variables of modeling are: the rennet 
adding - X1, the fermentation temperature - X2 and the fermentation time- X3. The function of answer is the 
acidity of the product finished obtained - Y. Were carried out 27 expertises in the field (-1, 0, +1) (coordinated 
adimensional). With these results one can elaborate the mathematical models for the functions of answer. After 
the elaborating of the mathematical models one can make the simulation of the effects, which allows the 





The factorial programs of type kn in general allow the optimization of the conditions of 
obtaining a product, and allow, in same time, the correlation between the quality of a product 
with the parameters of the process of obtaining [1,4]. The literature mentions the use of this 
type of design factorial for the optimization of the processes of obtaining of different 
derivates milk  
In the technology of obtaining of fresh cheese, the key process is represented by milk 
coagulation [2]. The coagulation is the result of casein structure modification and lactose 
degradation on milk.  
Cheese, a highly nutritious and palatable food, is of significant value in the diet because 
it contains almost all of the protein and essential minerals, vitamins, and other nutrients of 
milk. According to ancient records passed down through the centuries, the making of cheese 
dates back more than 4,000 years. 
Cheese is the most complex of the dairy products, involving chemical, biochemical and 
microbiological processes. The steps in all cheesemaking include milk acidification, milk 
coagulation, whey removal, packaging and storage [3].  
 
MATERIAL AND METHODS  
 
In this study is used a program factorial of the type 33, the variables of modeling are: the 
rennet adding - X1, the fermentation temperature - X2 and the fermentation time- X3. The 
function of answer is the acidity of the product finished obtained - Y. Were carried out 27 
expertises in the field (-1, 0, +1) (coordinated adimensional). With these results one can 
elaborate the mathematical models for the functions of answer. After the elaborating of the 
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mathematical models one can make the simulation of the effects, which allows the 
establishment of the dependences of criterion of optimization considered according to each 
parameter present before. 
In Table 1 are represented the values of this variables: minimal, maximum and medium. 
 
 Table 1 
Values of the technological parameters 
 
No. 







1. Rennet adding, ml 0.075 0.125 0.05 0.1 
2. Fermenting temperature, ˚C 30 40 5 35 
3. Fermenting time, min. 25 40 7,5 55 
 
Prior to the experiment, one analyzed the physical and chemical properties of the milk- 
raw material. The following analyses were made: 
 acidity, ºT (as per STAS 6353-85) 
 content of fat, % (as per STAS 6352/2-87) 
 density, g/cm³ (as per STAS 6347-73) 
 proteic substances (as per STAS 6355-89) 
 dry substance (as per STAS 6344-88) 
 lactose, % - Lactoscop method 
 cryoscopic point – Lactoscop method 
 
RESULTS AND DISCUSSIONS 
 
The results of the values obtained from physico-chemical analyses of the milk - raw 
material samples, are pressented in Table 2: 
Table 2 

















Milk 19 3.43 1.028 3.22 12.50 5.15 511 
  
From Table 2 can be observed the values for the most samples are as per STAS 3665-80 
The particular form of answer function for the program factorial of the type 33 is:  
 
Y= a0+a1x1+ a2x2+ a3x3+ a12x1x2+ a13x1x3+ a23x2x3+ a123x1x2x3+ a11x12+ a22x22+ a33x32       (1) 
 
By factorial analysis one can obtain the mathematical model, which describes the 
function of response of critérium of optimization; the coefficients a0, a1, a2, a3, … etc. from 
relation (1) are calculated according to the literature [1,4]. 
By the application of "t-student" one test can eliminate from the unimportant terms of 
the polynomial and after that had obtained the optimal form for the mathematical model: 
 
              Y = 46.96 –3,88x1 – 2,55x2 - 2,05 x3 + 2,41x1x2 –2,21x22 + 8.28 x32               (2) 
 
The value of a0 (46, 96) coefficient indicates the fact that we have an optimum acidity to 
a value close to this value.  
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Reminding the fact that the coefficients for simple effects have negative values, we 
conclude that each one of the three parameters, taken individually, have a negative effect on 
the acidity of the fresh cheese.  
The values of the interaction coefficients are positive, hence the three variables, through 
their interaction have a positive effect on the response function acidity of fresh cheese. 
Determination of the optimum value of the response function is realized within the 
derivate method; this method consists in calculating the partial derivates of first order 
comparing which each variable and then equalizing to zero the resulted equations.  
For the transformation of the variables adimensional calculated into real parameters one 
uses the following mathematical formula: 
 
                                        Xi= ∆Xi · xi + Ximed                                                                (3) 
 
where: Xi – represents the real values of the parameters, xi –the adimensionl values of the 
parameters, ∆Xi– the difference between the values more falls and the values real medium of 
the parameters and Ximed represents the value medium real of the parameters [1].  
By the application of this algorithm to the polynomial, one can obtain the optimal points 
for the fermentation process. Thus, an optimal acidity is obtained for X1 =0,115 ml; X2 = 36.5 
°C; X3 = 48 min.  
For graphically representation of the mathematical relation (2) with MathLab soft, we 
need to equalize with zero each parameter, the model it will be figure depending on two 
parameters, the other parameter being constant to the value 0 and representing the centre of 
the chosen variation domain. 
CONCLUSIONS 
  
According to whether one can observes between the actual values of optima we can 
conclusion the following observations: from the real values of the variables, we can notice the 
following observations: the best rennet adding doesn’t cross the [0,075-0,125 ml] domain 
initially chose and used in the experimental program, the best fermentation time doesn’t cross 
the [25-55 min.] domain used in the experimental program, the best fermentation temperature 
doesn’t cross the domain donned in table 1. 
The previous conclusions show that the optimization models are valid and the factorial 
design of type kn can be utilized successfully in cream cheese manufacturing process. 
When the rennet adding is constant result the graphic following: 
 
 
Fig. 1 The influence of the fermenting time and of the fermenting temperature on acidity 
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Fig. 2 The influence of the rennet adding and of the fermenting temperature on acidity 
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